Introduction. The aim of this study was to assess the 60-day readmission rates after hysterectomy according to route of surgery and analyze risk factors for postoperative readmission. Material and methods. This retrospective study included all women who underwent hysterectomy due to benign conditions from 2009 to 2015 at a large academic center in Boston. Readmission rates were compared among the following four types of hysterectomies: abdominal, laparoscopic, robotic and vaginal. Results. There were 3981 hysterectomy cases over the study period (628 abdominal hysterectomy, 2500 laparoscopic hysterectomy, 155 robotic hysterectomy and 698 vaginal hysterectomy). Intraoperative complications occurred more frequently in women undergoing abdominal hysterectomy (4.8%), followed by robotic hysterectomy (3.9%), vaginal hysterectomy (1.9%) and laparoscopic hysterectomy (1.6%) (p < 0.0001). Readmission rates were not significantly different among the groups; women receiving abdominal hysterectomy had an overall readmission rate of 3.5%, compared with 3.2% after robotic hysterectomy, 2.9% after vaginal hysterectomy and 1.9% after laparoscopic hysterectomy (p = 0.06). When stratifying for relevant variables, women who had an laparoscopic hysterectomy had a twofold reduction of readmission compared with abdominal hysterectomy (odds ratio 0.52, 95% confidence interval 0.31-0.87; p = 0.01). There was no significant difference in readmission when robotic hysterectomy or vaginal hysterectomy were compared individually with abdominal hysterectomy. Regarding risk factors related to readmission it was observed that perioperative complications were the largest driver of readmissions (odds ratio 667, 95% confidence interval 158-99; p < 0.0001). Conclusion. The laparoscopic approach to hysterectomy was associated with fewer hospital readmissions compared with the abdominal route; vaginal, robotic and abdominal approaches had a similar risk of readmission. Perioperative complications represent the main driver of readmissions. After adjusting for perioperative factors such as surgeon type and complications, no difference in readmissions between the different routes of hysterectomy were found.
Introduction
Hysterectomy is one of the most commonly performed gynecological procedures in the USA (1) and may be accomplished using an abdominal, laparoscopic, vaginal or robot-assisted approach. In addition to traditional concerns such as perioperative complications or recovery, another pertinent factor when contemplating the route of hysterectomy is the difference in postoperative readmission rate. Hospital readmissions are associated with increased healthcare costs (2) and may reflect patient morbidity. As such, readmission rates have been used as a metric for healthcare quality (3) . It has been estimated that the cost of hospital readmissions in the USA totals more than 12-17 billion US dollars annually, with approximately 12% of these readmissions being preventable (3) .
The overall risk of readmission for benign gynecological surgery seems low; the incidence of readmission after hysterectomy as described in prior studies varies from 1.1 to 6.7% (4) (5) (6) (7) (8) . It is important to understand the causes of readmission after surgery in order to design effective interventions, particularly for high-risk patients (4) . Patient characteristics, teaching hospital status and surgical volume have been strongly associated with postoperative events requiring readmission, including wound complications, infections and pulmonary emboli (9) (10) (11) . However, many prior case series examining the cause of readmission following hysterectomy have been relatively small, which may preclude a meaningful conclusion (10, 12, 13) . One large retrospective study of outcome measures following hysterectomy found that the overall readmission rate and sum of readmission costs following robotic surgery were significantly lower than in laparoscopic, vaginal and abdominal hysterectomy groups (14) . In contrast, the American College of Obstetricains and Gynecologists recommends that the vaginal approach to hysterectomy is the preferred method when feasible (15) . The objective of this study is to compare the risk of readmission following various modes of hysterectomy at a large tertiary care academic hospital. Secondly, we aim to identify potential risk factors associated with readmission after any hysterectomy.
Material and methods
This retrospective cohort study includes all women who underwent a hysterectomy from 2009 to 2015 at Brigham and Women's Hospital (Boston, MA, USA) for benign indications. The mode of hysterectomy was defined as follows: abdominal hysterectomy (AH), laparoscopic hysterectomy (LH), vaginal hysterectomy (VH) and robotassisted laparoscopic hysterectomy (RH). Patients with a known or suspected gynecological malignancy prior to surgery were excluded, although cases with a premalignant lesion as a surgical indication were included for analysis. Additionally, patients younger than 18 years old were excluded from the study population.
Women meeting the inclusion criteria were identified from a hospital database using the Research Patient Data Registry (RPDR) and billing records. Baseline patient characteristics and surgical data were abstracted from the medical records. The primary outcome of our study was 60-day readmission after hysterectomy, defined as an urgent clinical hospitalization after being discharged from a prior hospital stay. A window of 60-day readmission was used to be sure all the related readmissions were included, as some postoperative complications may be delayed. Only readmissions linked to the hysterectomy were included; other types of readmissions were not considered. Other variables that were obtained included: patient's age, body mass index (BMI), race, parity, indications for hysterectomy (pain/endometriosis, abnormal bleeding, fibroids, urogynecology; not mutually exclusive), type of hysterectomy, operative time (defined as time from first incision to closure), estimated blood loss (by surgeon estimate in operative report), specimen weight, final pathology, length of hospital stay, type of surgeon (fellowship-trained vs. generalist), intraoperative complications (injuries to the urinary tract, nerves, vessels or bowel), postoperative complications [classified according to the Clavien-Dindo classification (16)], history of previous abdominal surgeries (laparoscopy or laparotomy), reoperation and number of days from discharge to readmission. Performance of additional procedures was not an exclusion criterion. Additional procedures such as adnexal surgery or prolapse repair, were not separately analyzed as regards their association with readmission.
Statistical analysis
Patient characteristics and perioperative outcomes between the hysterectomy groups were compared using chi-square, Fisher's exact and ANOVA tests. Multivariable logistic regression was used to detect an association between type of hysterectomy and readmission rates, and
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The 60-day readmission rates were assessed after hysterectomy. Laparoscopic hysterectomy was associated with fewer readmissions compared with the abdominal route; vaginal robotic and abdominal approaches had similar readmissions. (7) 7 (1.1%) 1078 (43.1%) 33 (21.3%) 2 (0.3%) Urogynecology (7) 18 (2.9%) 14 (0.6%) 0 (0%) 320 (45.8%) Reproductive endo (5) 104 ( to identify possible risk factors associated with a higher chance of readmission postoperatively. The abdominal hysterectomy group served as the reference group in the regression models. Readmissions rates were adjusted for year of procedure, age, race, BMI, parity and prior laparoscopy or laparotomy. The association between surgery type and readmission was initially adjusted for year of procedure, age, race, BMI, parity and prior laparoscopy or laparotomy and additionally adjusted for type of surgeon, supracervical hysterectomy (yes/no), indication for surgery, peri-or postoperative complications, final pathology, operation time, estimated blood loss, uterine weight and length of hospital stay. Due to the large number of surgeons listed in the dataset, it was not possible to adjust the analysis by surgeon. The p-values that were ≤0.05 were considered significant for all variables. Statistical analysis was performed with SAS software version 9.3 (SAS Institute, Cary, NC, USA).
Ethical approval
On 30 December 2014 this study was approved by the Partners Institutional Review Board with protocol number 2014P0026897. Overall baseline characteristics differed significantly between the groups (Table 1) . Women undergoing VH were older and more parous, with fewer prior laparotomies. The majority of women in all groups were white and the highest mean BMI was found in the robotic approach group. Both the vaginal and abdominal approaches were more commonly performed by generalists as opposed to fellowship-trained surgeons.
The most common indications for hysterectomy were fibroids, followed by abnormal bleeding; the other indication category generally included premalignant lesions.
Perioperative outcomes are shown in Table 2 . Intraoperative complications occurred more often in women undergoing AH (4.8%), followed by RH (3.9%), VH (1.9%) and LH (1.6%) (p < 0.0001). Postoperative complications did not differ between the groups. The laparoscopic approach was associated with the shortest operative time and lowest estimated blood loss. Uterine weight was highest in the AH group [mean (SD) 591.9 g AE 644.2] compared with the LH (281.5 g AE 327.4), RH (251.0 g AE 268.8) and VH groups (96.92 g AE 79.49) (p < 0.0001). Of note, there were 33 conversions to laparotomy in the laparoscopic group (1.3% of LH cases) and three in the vaginal group (0.4% of VH cases); no conversions were observed in the robotassisted cases. Readmission occurred between 0 and 50 days postoperatively. There was no significant difference between the number of days from discharge to readmission, with a median of 4 days for AH, 10 days for LH, 4 days for RH and 7.5 days for VH (p = 0.30). The average time to readmission was less than 14 days. Causes of readmission included: ileus, cuff cellulitis, abdominal wound infections with or without dehiscence, abscess formation, fever, vaginal bleeding, pulmonary embolism, deep venous thrombosis, urinary tract infection, urosepsis, hydronephrosis, vesicovaginal fistula, abdominal wall hematoma, hernia and unrecognized urinary tract injury. Table 3 shows a breakdown of indication for readmission by route of surgery.
Readmission risk adjusted for year of procedure, age, race, BMI, parity and prior laparoscopy or laparotomy are displayed in Table 4 . When compared with the reference group AH, women who had an LH had twofold reduced odds of readmission (OR 0.52, 95% CI 0.31-0.87; p = 0.01). However, the difference between groups disappeared when additionally adjusting for type of surgeon, supracervical hysterectomy (yes/no) and indication for surgery, and when additionally adjusting for peri-or postoperative complications, final pathology, operative time, estimated blood loss, uterine weight and length of hospital stay. There were no differences found when comparing AH with either RH or VH. The risk factors related to readmission are presented in 
Discussion
This retrospective study demonstrates an overall low rate of readmission among all modes of hysterectomy at this institution. We identified a twofold reduction of readmission in the LH group compared with the AH group; however, these differences did not remain significant after adjusting for multiple patient and surgical characteristics.
No difference was found in readmission rate between RH and VH compared with AH. These outcomes are noteworthy, since other clinical outcomes after hysterectomy clearly display the advantage of minimally invasive surgery (17) . When analyzing possible risk factors related to hospital readmission after hysterectomy, we found that having a procedure by a specialized surgeon reduces the risk of readmissions. We also demonstrate a strong correlation between complications and the risk of hospital readmission. The findings in this study are largely in concordance with a retrospective cohort study of over 1600 women undergoing hysterectomy for either a benign or a malignant indication (12). Lee et al. reported perioperative complications as a strong predictor of readmissions, with a twofold rise in odds (12) . Based on the findings of our studies, it is advisable carefully to monitor patients who suffered a complication in the postoperative period to avoid preventable readmissions. Furthermore, we show that postoperative malignant pathology results increase the risk of readmission, possibly due to additional surgery or treatment for that condition.
Interestingly, we did not find prior surgery or uterine weight to increase the risk of hospital readmission. In the case-mix study of Driessen et al. (18) concerning LH Table 4 . procedures, the authors suggest that those two factors, together with BMI, help in predicting surgical outcome. Lee et al. also suggests that previous laparotomy increases the risk of readmission after any type of hysterectomy (12) . In Martino et al. (14) , readmission rates in the robotic cohort were significantly lower than in non-robotic cohorts. Estimated blood loss, length of stay and readmission costs were also significantly less in the robotic cohort compared with the laparoscopic, abdominal or vaginal cohort. In our study, there was no statistically significant difference in readmissions between the robotic cohort and the other cohorts; however, the relatively low percentage of RH limits the interpretation of these results. Additionally, there may be an experience bias related to the overall preference for the traditional laparoscopic approach at our institution.
Limiting the analysis to benign indication cases only, reduces possible confounding factors. The choice to report readmissions up to 60 days may have also allowed for more thorough capture and assessment of adverse events. A limitation of this study is the retrospective design, which may lead to misclassification or missing data; however, this was assumed to be non-differential. An additional flaw of the retrospective design is the uneven distribution of cases among varying surgical modalities; the small percentage of cases completed robotically limits applicability of these findings to centers that have higher robotic case volume and may experience alternate outcomes. A further limitation might be that only readmissions that occurred at our institution were included, a potential under-registration. Additionally, the fact that AH might involve more complicated cases creates a possible selection bias regarding mode of surgery. A possible confounding factor in our study is the fact that women undergoing LH are more often treated in the ambulatory setting than women receiving an AH, therefore LH patients may be more likely to develop an adverse event at home. However, a study by Jennings et al. (5) found no difference in readmission between inpatient and outpatient treatment after LH. Another possible confounding factor is that additional statistical adjustments for surgeon volume were not made. However, previous work on this topic and observations of the number of cases contributed to this cohort per individual surgeon reveal that at our institution, fellowship training is in fact a proxy for high volume surgical practice. Additionally, residents and fellows are involved in the majority of cases at our institution. Finally, as a high volume tertiary referral hospital, our findings may not be universally generalizable.
A strength of this study is the large cohort, with a large amount of variables and the use of multivariate analysis. In addition, we are the first to report readmissions up to 60 days, which ascertains the inclusion of potential late readmissions. The existing literature on the subject reported readmissions up to 30 days.
Conclusion
In conclusion, the laparoscopic approach to hysterectomy for benign disease is associated with fewer hospital readmissions in our cohort compared with the abdominal route. Vaginal and robotic hysterectomies had similar rates of readmission to abdominal hysterectomies. Controlling for baseline characteristics, twice as many readmissions occurred with abdominal hysterectomy than with laparoscopic hysterectomy, although differences did not remain significant when controlling for perioperative factors such as surgeon type and complications. Perioperative complications represent the main driver of readmissions.
